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1. INTRODUCTION {#jre12714-sec-0006}
===============

Periodontitis is a common chronic inflammatory disease of the tooth‐supporting tissues that results in connective tissue attachment loss, alveolar bone degradation, and eventually tooth loss.[1](#jre12714-bib-0001){ref-type="ref"}, [2](#jre12714-bib-0002){ref-type="ref"} The aim of periodontal therapy was to reduce the inflammatory burden and establish a healthy microbial environment.[3](#jre12714-bib-0003){ref-type="ref"} In presence of remaining pockets, surgical resective approaches are widely used, but the efficacy is based on the sacrifice of hard and soft periodontal tissues. A possible alternative to resective periodontal surgery is the regeneration of the aforementioned tissues. The aim of regenerative processes is to create a new periodontal ligament on the root surface, which consists of connective tissue fibers directly inserted on the tooth root itself and which is produced by periodontal ligament fibroblast cells (PDL‐F).[4](#jre12714-bib-0004){ref-type="ref"}, [5](#jre12714-bib-0005){ref-type="ref"}, [6](#jre12714-bib-0006){ref-type="ref"}, [7](#jre12714-bib-0007){ref-type="ref"}, [8](#jre12714-bib-0008){ref-type="ref"}, [9](#jre12714-bib-0009){ref-type="ref"} The regenerative potential of PDL‐F makes them key players for the success of periodontal regenerative therapy. Gingival fibroblasts (G‐F) are equally important in the reconstruction of proper gingival soft tissues. However, to express their regenerative potential, these cells must somehow be guided. A variety of materials and techniques have been investigated for periodontal regeneration procedures, including the "natural bone regeneration" approach which was introduced in the early 2000 by Choukroun and colleagues, on the path of the studies on platelet‐rich plasma capabilities and growth factor properties performed by RE Marx.[10](#jre12714-bib-0010){ref-type="ref"}, [11](#jre12714-bib-0011){ref-type="ref"}, [12](#jre12714-bib-0012){ref-type="ref"}, [13](#jre12714-bib-0013){ref-type="ref"} The terminology originates from the origin of the material, for which the patient\'s own blood is used and processed without addition of anticoagulants.

The most recent platelet‐rich fibrin (PRF) concentrates are able to form a tridimensional fibrin network, containing living cells, that can act as a scaffold in the early phases of wound healing. During this phase, platelets interact with the fibrin matrix to form a hemostatic plug and induce a slow release of cytokines to stimulate cell migration and proliferation. This process is able to subsequently improve wound healing.[14](#jre12714-bib-0014){ref-type="ref"}, [15](#jre12714-bib-0015){ref-type="ref"} PRF contains platelets and leukocytes (including monocytes, lymphocytes, and granulocytes). It is reported that interaction between these cells and the fibrin matrix stimulates a slow release of growth factors that may result in a better wound healing in the early phase of this process.[16](#jre12714-bib-0016){ref-type="ref"}, [17](#jre12714-bib-0017){ref-type="ref"}

The first delivered procedure for the PRF preparation that includes a centrifugation step at 708 *g* of relative centrifugation force‐max × 12 min, is called L‐PRF.[10](#jre12714-bib-0010){ref-type="ref"}, [12](#jre12714-bib-0012){ref-type="ref"}, [18](#jre12714-bib-0018){ref-type="ref"} This protocol was developed to activate the ex vivo coagulation process. The generated fibrin matrix had solid consistence and a dense structure with minimal space between fibrin fibers. Several inflammatory cells are present within the matrix, but histologically they are located to the distal part of the clot.[10](#jre12714-bib-0010){ref-type="ref"} Recently, the protocols for the preparation of platelet fibrin concentrates have been modified, following the "Low‐speed centrifugation concept" theory. The most recent of these protocols is the A‐PRF + method (RCF‐max: 208 *g*× 8 min). Studies showed that the A‐PRF + preparation resulted in a higher number of platelets and leukocytes in the fibrin mesh, more widespread in the material. The generated A‐PRF + fibrin matrix showed a more porous structure, allowing more space for trapped platelets and immune cells and therefore a higher and more sustained release of growth factors, compared with L‐PRF.[19](#jre12714-bib-0019){ref-type="ref"}, [20](#jre12714-bib-0020){ref-type="ref"}, [21](#jre12714-bib-0021){ref-type="ref"}, [22](#jre12714-bib-0022){ref-type="ref"} In contrast, other recent investigations showed different results, reporting better histological and mechanical characteristics in favor of L‐PRF.[23](#jre12714-bib-0023){ref-type="ref"} It is still unclear whether the morphological differences that may affect the difference in growth factor release from generated PRF membranes will have a real impact on the fibroblast cells involved in the periodontal reparative and regenerative processes during wound healing. Therefore, the aim of the present study was to compare the effects of released factors by A‐PRF + and L‐PRF membranes on in vitro proliferation and migration of gingival and periodontal ligament fibroblast cells.

2. MATERIAL AND METHODS {#jre12714-sec-0007}
=======================

2.1. PRF preparation {#jre12714-sec-0008}
--------------------

The study was performed in accordance with the Medical Ethical Committee of VU Medical Center, Vrije Universiteit Amsterdam (study protocol reference 2016.530). Blood samples were collected from the antecubital fossa of 8 periodontitis patients attending the Department of Periodontology at the Academic Center for Dentistry Amsterdam (Table [1](#jre12714-tbl-0001){ref-type="table"}). They were selected for periodontal surgery using PRF materials, aged 25 to 65 years, and signed an informed consent (inclusion criteria: eligible for periodontal surgery, aged 18‐80; exclusion criteria: pregnancy or lactation, uncontrolled diabetes, HIV positive, leukopenia, diseases related to reduced wound healing, use of anticoagulants, corticosteroids, and immunosuppressants). From each patient, seven tubes of blood were sampled; the first one was discarded, and the other tubes were taken within 60 s. Two Tubes were addressed for surgical use and, therefore, excluded from the study. The following four sampled tubes were two A‐PRF + tubes (10 mL tube, glass, PRF Processe); two L‐PRF tubes (9 mL tube, glass coated plastic tubes, Intra‐Lock). Subsequently, the two 10 mL tubes were centrifuged at 208 *g* × 8 min for the A‐PRF+; while the two 9 mL tubes were centrifuged at 708 *g* × 12 min for L‐PRF preparation. Original brand centrifuges were used for the preparation of the materials (A‐PRF duo Centrifuge, PRF Process or L‐PRF Intra‐spin, Intra‐Lock). After the designated centrifugation steps, the tubes were kept vertical for 5 min.

###### 

Periodontitis patient background characteristics

  Patient   Sex   Age[a](#jre12714-note-0003){ref-type="fn"}   BMI[b](#jre12714-note-0004){ref-type="fn"}   Smoking   Comorbidities
  --------- ----- -------------------------------------------- -------------------------------------------- --------- --------------------------------------------
  1         F     36                                           21                                           Yes       No
  2         M     55                                           28                                           No        Yes[c](#jre12714-note-0005){ref-type="fn"}
  3         M     57                                           26                                           Yes       No
  4         M     23                                           28                                           No        No
  5         F     41                                           27                                           No        No
  6         F     52                                           19                                           No        No
  7         M     63                                           25                                           No        Yes[d](#jre12714-note-0006){ref-type="fn"}
  8         F     62                                           35                                           No        Yes[e](#jre12714-note-0007){ref-type="fn"}

Abbreviations: BMI, body mass index.

Years.

kg/m^2^.

History of hepatitis B.

Myocardial infarction 2 years ago and medications: Lisinopril 5 mg/day; Nifedipine 40 mg/day.

Myocardial infarction 3 years ago and medications: Lisinopril 2.5 mg/day; Isosorbide mononitrate 30 mg/day.
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The fibrin clot was located in the middle part of the tube, between the red corpuscular phase at the bottom of the tube and the acellular plasma at the top.[10](#jre12714-bib-0010){ref-type="ref"} The fibrin clots from the A‐PRF + and L‐PRF tubes were extracted with sterile tweezers and placed in a dedicated sterile metal box device (Xpression Fabrication Kit, Intra‐Lock), engineered to optimize the consistency and the thickness of the matrix via weighted homogenous pressure, for 5 min. When fibrin clots were obtained, they were transported to the laboratory and further processed under sterile conditions.

The PRF clots were removed from the compressive metal box in a sterile environment (airflow cabinet) and placed into a six‐well dish with 3 mL of Dulbecco\' Modified Eagle Medium (DMEM, Invitrogen Life Sciences), enriched with 10% FCI (Fetal clone I, HyClone Laboratories) and 1% PSF (Antibiotics Penicillin/Streptomycin/Amphotericin B, Sigma‐Aldrich). The clots were incubated for 48 h in a 37°C incubator with 5% CO~2~. Subsequently, the L‐PRF and A‐PRF + conditioned medium was removed and immediately added to the fibroblasts cells cultures for the following 24 h (see paragraph 2.3, Wound Healing experiment).

2.2. Fibroblasts and periodontal ligament cells isolation {#jre12714-sec-0009}
---------------------------------------------------------

Primary G‐F and PDL‐F cells were obtained from extracted wisdom teeth, also used in a previous study (from five donors)[24](#jre12714-bib-0024){ref-type="ref"} which were stored in stocks in liquid nitrogen at passage 3. Signed informed consent to use these cells obtained from this operational waste material was obtained. All cell cultures were immediately after the extraction anonymized for the researcher using cell cultures, as required by Dutch law. The week before every experiment, cells were retrieved and seeded in 75 cm^2^ culture flasks. The experiments were performed with cells from passages 5‐7. Different primary cell cultures were used per experiment in the study (Distribution of cells and patients per experiment, Table [2](#jre12714-tbl-0002){ref-type="table"}). The day before the experiment, the periodontal fibroblasts (G‐F or PDL‐F) were seeded in special cell migration culture plates having a silicon insert that separates two compartments (Culture‐insert 2 Well 24, ibiTreat, Ibidi, Martinsried, Germany), in a concentration of 3.3 × 10^5^ cells/mL. 70 μL of the cell suspension was placed in each half of the well delimited by the silicon insert, according to the manufacturer instructions, and left incubating for 1 day at 37°C incubator with 5% CO~2.~

###### 

Patients and cell lines used

  Patient number   Cell lines used[a](#jre12714-note-0009){ref-type="fn"}   Distribution
  ---------------- -------------------------------------------------------- --------------
  1                G‐F72                                                    ×4
  G‐F89            ×4                                                       
  PDL‐F72          ×3                                                       
  PDL‐F86          ×2                                                       
  2                G‐F72                                                    ×5
  PDL‐F72          ×4                                                       
  PDL‐F86          ×4                                                       
  3                G‐F72                                                    ×7
  PDL‐F72          ×7                                                       
  4                G‐F72                                                    ×4
  PDL‐F72          ×4                                                       
  5                G‐F63                                                    ×3
  G‐F66            ×4                                                       
  PDL‐F66          ×3                                                       
  6                G‐F63                                                    ×5
  PDL‐F66          ×3                                                       
  7                G‐F72                                                    ×5
  PDL‐F86          ×3                                                       
  8                G‐F63                                                    ×4
  G‐F89            ×4                                                       
                   n total: 82                                              

Abbreviations: G‐F, gingival fibroblast; PDL‐F, periodontal ligament fibroblast.

Each number behind the cell type refers to a unique donor: From 5 individuals, 7 primary cell cultures were retrieved from liquid nitrogen and used in the current experiments.[24](#jre12714-bib-0024){ref-type="ref"}
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2.3. Wound healing experiments {#jre12714-sec-0010}
------------------------------

To start the actual experimental conditions, the silicon inserts from the special migration plates (Culture‐insert 2 Well 24, ibiTreat) were removed, leaving a gap of 500 ± 50 μm (according to manufacturer) between the fibroblasts attached to the plastic bottom that were until this moment, separated by the silicon insert. Now, these fibroblasts were incubated with the 2‐day conditioned medium from either the A‐PRF + or L‐PRF clots or the controls. As control conditions, either 1 mL of medium (DMEM + 10% FCI + 1% PSF) or 25 ng/mL of human FGF II in 1 mL DMEM + 10% FCI + 1% PSF was used. From this moment, cell migration was monitored with a time frame microscope (Carl Zeiss Observer Z1, Carl Zeiss) at 10 × magnification, under stable pressure of 5% CO~2~ in air at 37°C (Tokia Hit Incubation system, Tokai Hit Co.) (See experimental flowchart, Figure [1](#jre12714-fig-0001){ref-type="fig"}). The cell migration was recorded at two random fields per well at 20 min time intervals for 24 h (Figure [2](#jre12714-fig-0002){ref-type="fig"}).

![Flowchart and time line (in hours) of the experimental procedures. Abbreviations: h, hours; G‐F, gingival fibroblasts; PDL‐F, periodontal ligament fibroblasts; PRF, platelet‐rich fibrin](JRE-55-287-g001){#jre12714-fig-0001}

![Examples of events during an experiment (Experiment 1, PDL‐F72 cells incubated with condition medium from L‐PRF from patient 1). Images of the artificial wound (after insert removal) were obtained every 20 mins, from 0 h to 24 h. Wound Closure was observed via time frame microscope (Carl Zeiss Observer Z1, Carl Zeiss, Goettingen, Germany) at 10 × magnification, under stable pressure of 5% CO~2~ in air at 37°C. (A) time = 0 h; (B) time = 6 h; (C) time = 12 h; (D) time = 18 h; (E) time = 24 h](JRE-55-287-g002){#jre12714-fig-0002}

After 24h, the fibroblasts were trypsinized, and the number of cells and relative viability was determined using the protocol of Kahn et al[25](#jre12714-bib-0025){ref-type="ref"} that allows discrimination between life and dead cells. Cells were incubated with mix‐and‐read Muse Count & Viability reagent according to manufacturer (Muse Cell analyzer, Merck Millipore, Darmstadt, Germany).

2.4. Image analysis {#jre12714-sec-0011}
-------------------

Cell migration images were analyzed with an image software (Fiji, V1.49, open source).[26](#jre12714-bib-0026){ref-type="ref"} Images were normalized in terms of white balance and transformed in Binomial (White and Black), by which the white area represented the fibroblasts and the black area the artificial wound (gap). Image closure was calculated on the raw light intensity per image. Raw light intensity was different for every image stack. To normalize the values between images stacks, the light intensity was calculated in percentage from 0% to maximum 100%. The reduction of the gap due to the migrating cells was scored in every image stack and recorded with a specific software tool (Time Series Analyzer, V3.0). Speed of closure was expressed in µm^2^/min, measured on the basis of the percentage of the cell closure during time, considering that the initial measured area of the gap was of 1 mm^2^.

On the basis of the artificial closure graph (Figure [5](#jre12714-fig-0005){ref-type="fig"}), three different patterns of migration were identified (Phase I: maximal migration. Phase II: linear migration. Phase III: stoppage). At the end of the experiments (total of eight experiments, one plate with 24 migration wells per experiment), 82 series of images from the behavior of seven different fibroblast cultures were available (4 G‐F and 3 PDL‐F).

2.5. Statistical analysis {#jre12714-sec-0012}
-------------------------

Means and standard deviations were calculated, and data for different conditions were compared. To test normal distribution of data, Kolmogorov‐Smirnov tests were used for all the data sets. The Kruskal‐Wallis test was applied to test proliferation and viability differences between the conditions. To compare differences between G‐F and PDL‐F primary cell cultures, Wilcoxon tests were performed. In terms of migration analysis, the Friedman test was performed, corrected with Dunn\'s test for multiple comparisons. The speed of cell migration was tested by 1‐way ANOVA corrected with the Bonferroni test for multiple comparison. Statistical analyses and graphical representation (means and standard error of the mean) were made with SPSS (IBM Corporation), GraphPad (GraphPad Software), and Excel (Microsoft Corporation).

3. RESULTS {#jre12714-sec-0013}
==========

3.1. Number of samples {#jre12714-sec-0014}
----------------------

PRF membranes were obtained from 8 periodontitis patients who were undergoing periodontal surgery. Patient\'s background characteristics are listed in Table [1](#jre12714-tbl-0001){ref-type="table"}. Per patient, 2 A‐PRF + and 2 L‐PRF membranes were obtained. Each PRF membrane was cultured for 48 h, and the conditioned medium from these cultures was added to the fibroblast cells cultures (4 G‐F primary cell, 3 PDL‐F cell) (see distribution in Table [2](#jre12714-tbl-0002){ref-type="table"}). This amounted to n = 23 experiment per A‐PRF + medium, n = 20 per L‐PRF, n = 21 for FGF, and n = 18 for control medium.

3.2. Effect of A‐PRF+, L‐PRF, FGF, and control medium on cell proliferation {#jre12714-sec-0015}
---------------------------------------------------------------------------

Twenty‐four hours before the addition of the fibrin membrane conditioned medium, the fibroblasts were seeded in the migration plates (density of 3.3 × 10^5^ cells/mL and 0.46 × 10^5^ cells/well). The number of cells was counted again at the end of the 24 h experiment. Compared with control medium (NEG) (set at 100%, SD ± 27.7%), the proliferation of the PDL and GF combined increased by 69.2 ± 31.3% for the A‐PRF+ (*P* = .0078), 49.6 ± 24.9% for the L‐PRF (*P* = .0367), and 26.7 ± 22.8% for the FGF (the latter was a non‐significant increase) (data presented in Figure [3](#jre12714-fig-0003){ref-type="fig"}). Compared with each other, although not significant, A‐PRF + showed a trend for higher proliferation than L‐PRF and FGF (increased proliferation 19.6% and 42.5%, respectively). Concerning L‐PRF, it showed 22.9% more proliferation than FGF. However, the differences between the two types of PRF conditions and FGF failed to were not statistically significance (*P* \> .05) (Figure [3](#jre12714-fig-0003){ref-type="fig"}A). These results were obtained for G‐F and PDL‐F combined. The results with the two fibroblasts were analyzed together, since no differences in the responses between them were observed (Figure [3](#jre12714-fig-0003){ref-type="fig"}B).

![Fibroblast proliferation (results for G‐F and PDL‐F combined) (Panel A) and proliferation per cell type (Panel B) for different culture conditions. Absolute cell concentration after 24h (cell concentration at t0 was 3.3 × 10^5^ cells/mL). PRF medium shows higher proliferation compared with NEG. Means ± SEM. \* = *P* \< .05](JRE-55-287-g003){#jre12714-fig-0003}

3.3. No effect of A‐PRF+, L‐PRF, FGF, and control medium on cell viability {#jre12714-sec-0016}
--------------------------------------------------------------------------

Fibroblast viability was tested, and no differences were observed for the periodontal fibroblasts after the 24 h incubation with A‐PRF+, L‐PRF, FGF, or control medium (Figure [4](#jre12714-fig-0004){ref-type="fig"}). And, cell viability was similar for both G‐F and PDL‐F separately (Data not shown).

![Fibroblast viability in the different culture conditions (results for G‐F and PDL‐F combined) after 24h. Cells viability is comparable in every culture condition. Means ± SEM](JRE-55-287-g004){#jre12714-fig-0004}

3.4. Both A‐PRF + and L‐PRF showed higher cell migration than FGF and control {#jre12714-sec-0017}
-----------------------------------------------------------------------------

The speed of closing the artificial wound of 500 ± 50 µm was recorded, and images were made every 20 minutes and analyzed by an image software program. The data are presented as percentages wound closure (Figure [5](#jre12714-fig-0005){ref-type="fig"}). The statistical analysis showed that A‐PRF + and L‐PRF induced faster migration of fibroblast cells (*P* \< .01), compared with FGF and control (NEG) (Figure [5](#jre12714-fig-0005){ref-type="fig"}).

![Cell migration of G‐F and PDL‐F over a period of 24 h. n experiments = 82. PRF medium shows higher migration compared with controls. Migration phases were defined in the figure to compare cell speed in Table [3](#jre12714-tbl-0003){ref-type="table"}. I: Phase 1, maximal migration phase. II: Phase 2, linear migration phase. III: Phase 3, stoppage phase. A‐PRF + and L‐PRF shows more migration compared with FGF and NEG (*P* = .01)](JRE-55-287-g005){#jre12714-fig-0005}

The induced cell speed of the different conditioned media showed that in phase I, the two PRF media were inducing faster cell migration compared with the negative and positive controls (*P* \< .01), but were not different from each other. In phase II, a significantly slower speed was registered for L‐PRF, compared with the FGF and control (NEG) (*P* \< .01). In the stoppage phase (Phase III), a higher speed (ie, fibroblast cell migration) was registered for the A‐PRF+, compared with all the other culture conditions (*P* \< .01) (Table [3](#jre12714-tbl-0003){ref-type="table"}).

###### 

Presentation of the observed speeds of artificial wound closure in percentage and µm^2^/min

                                                                       \% closure/h                                        µm^2^/min
  -------------------------------------------------------------------- --------------------------------------------------- -----------------------------------------------------
  Phase I[a](#jre12714-note-0012){ref-type="fn"} (Maximal migration)                                                       
  A‐PRF+                                                               24.9 ± 4.4[b](#jre12714-note-0013){ref-type="fn"}   4155 ± 747.8[b](#jre12714-note-0013){ref-type="fn"}
  L‐PRF                                                                27.7 ± 4.5[b](#jre12714-note-0013){ref-type="fn"}   4620 ± 759.5[b](#jre12714-note-0013){ref-type="fn"}
  FGF                                                                  18.7 ± 2.5                                          3100 ± 427.8
  NEG                                                                  11.0 ± 0.5                                          1515 ± 361.1
  Phase II[a](#jre12714-note-0012){ref-type="fn"} (Linear migration)                                                       
  A‐PRF+                                                               1.5 ± 0.4                                           255 ± 75.7
  L‐PRF                                                                1.3 ± 0.3[c](#jre12714-note-0014){ref-type="fn"}    215 ± 52.9[c](#jre12714-note-0014){ref-type="fn"}
  FGF                                                                  1.7 ± 0.4                                           290 ± 68.7
  NEG                                                                  1.8 ± 0.3                                           300 ± 53.1
  Phase III[a](#jre12714-note-0012){ref-type="fn"} (Stoppage)                                                              
  A‐PRF+                                                               1.6 ± 0.3[d](#jre12714-note-0015){ref-type="fn"}    270 ± 53.9[d](#jre12714-note-0015){ref-type="fn"}
  L‐PRF                                                                0.9 ± 0.2                                           150 ± 38.5
  FGF                                                                  0.9 ± 0.2                                           160 ± 43.3
  NEG                                                                  1.0 ± 0.2                                           180 ± 28.8

Values (means and standard deviation) represent percentage and area of closure of wound healing model.

Abbreviations: A‐PRF+, advanced platelet‐rich fibrin (PRF) +; L‐PRF, leukocyte PRF; FGF, fibroblast growth factor II; NEG, negative control; h, hours; mm, millimeters; min, minutes; ns, not significant.

Within Phase I, Phase II, and Phase III, the four conditions showed to be significantly different from each other for % wound closure (One‐way ANOVA *P* \< .01).

In the post hoc multiple comparisons, we found in Phase I a significant difference for both PRF conditioned media in comparison with FGF and NEG (*P* \< .01).

In Phase II, we found a significant difference for the L‐PRF in comparison with FGF and NEG (*P* \< .01).

In Phase III we found a significant difference for A‐PRF + in comparison with L‐PRF, FGF and NEG (*P* \< .001).

John Wiley & Sons, Ltd

4. DISCUSSION {#jre12714-sec-0018}
=============

The aim of our study was to investigate the effects of two different PRF preparations on the migration and proliferation of G‐F and PDL‐F. For this purpose, we designed an artificial wound healing experiment where a 48 h conditioned medium obtained from 2 different preparation techniques of PRF membranes was added to fibroblasts. Our results showed that both PRF preparations were able to promote artificial wound closure compared with controls (medium alone or human FGF‐II). Furthermore, the effect of A‐PRF + conditioned medium also accelerated the gap closure for a longer period of time (up to 24 h) when compared with the L‐PRF conditioned medium (Phase III of the artificial wound closure).

These results suggest that A‐PRF + conditioned medium contains a different and/or more enriched mix of growth factors and chemokines that promote migration, and/or that the amount of inhibitory components present is less. The reason for this result may be due to the structure of the PRF prepared according to the different techniques. L‐PRF is obtained with the use of centrifugation with a relatively high g‐force, that produces a thick three‐dimensional fibrin network, with some leukocytes trapped in it, mostly on the apical side of the matrix.[21](#jre12714-bib-0021){ref-type="ref"} A more recently adapted protocol (A‐PRF+) makes use of a centrifugation step using a lower g‐force (and 33% reduced time which is also of influence). The latter protocol has been demonstrated to give a higher and more evenly distributed number of platelets throughout the fibrin matrix, but a lower number of leukocytes, although more evenly dispersed in the matrix.[19](#jre12714-bib-0019){ref-type="ref"}, [20](#jre12714-bib-0020){ref-type="ref"}, [27](#jre12714-bib-0027){ref-type="ref"}

Comparing A‐PRF + and L‐PRF, some recent studies reported a higher growth factor release for A‐PRF+. Kobayashi and colleagues[20](#jre12714-bib-0020){ref-type="ref"} measured different growth factor release from L‐PRF, PRP, and A‐PRF + up to 10 days, showing higher release for A‐PRF+. The same group found also increased fibroblasts migration and proliferation in cultures with A‐PRF + conditioned medium.[20](#jre12714-bib-0020){ref-type="ref"}, [28](#jre12714-bib-0028){ref-type="ref"} Cabaro et al[23](#jre12714-bib-0023){ref-type="ref"} reported that L‐PRF and A‐PRF + contained similar numbers of viable leukocytes and released a comparable quantity of inflammatory cytokines, but A‐PRF + stimulated cultures secreted 3‐, 1.6‐, 3‐, and 1.2‐ fold higher levels of eotaxins, CCL5, platelet‐derived growth factor (PDGF), and vascular endothelial growth factor (VEGF), respectively. Eotaxins and CCL5 are pro‐inflammatory chemokines chemotactic for T cells and leukocytes, and they are overexpressed during the early phase of tissue injury. PDGF and VEGF promote the chemotaxis of macrophages and can indeed favor the migration of fibroblasts. Similar results are reported by El Bagdadi et al[19](#jre12714-bib-0019){ref-type="ref"} and Masuki et al,[22](#jre12714-bib-0022){ref-type="ref"} who observed also an enhanced proliferation of human periosteal cells for the A‐PRF + stimulated cultures. Our results are in agreement with the aforementioned research groups. The only paper reporting better performance for L‐PRF is from the group of Dohan and colleagues[29](#jre12714-bib-0029){ref-type="ref"}; in that study, authors showed bigger clot size, better mechanical characteristics, and higher growth factors expression for L‐PRF, in comparison to A‐PRF.

Based on this literature, the use of A‐PRF could be advisable in terms of soft tissue healing. The enhanced effect on fibroblasts reported in the current study demonstrates that independently from the amount of growth factors released, a possible higher wound closure can be achieved with this technique. Nevertheless, there are no clinical studies that support the use of one or the other technique for PRF preparation. Therefore, time is still needed to reach the level of sufficient knowledge for the clinical relevance of optimal PRF preparation protocol. The only clinical study comparing the two techniques is a recent publication from Caymaz et al, reporting that the use of A‐PRF after mandibular third molar extraction significantly reduces postoperative pain, compared with L‐PRF.[30](#jre12714-bib-0030){ref-type="ref"}

The strength of our study is the relative high number of PRF donors and primary cell cultures. We limited donor‐related PRF differences, obtaining both L‐PRF and A‐PRF + from the blood of the same donor at the same time. The analysis of cellular migration and artificial wound closure was as well standardized. The use of specific culture plates offered a standard gap for each experiment, and the use of the live cell monitoring, never used in PRF research before, gave us the possibility of following the behavior of cells over time, such as the relative migration in a given time frame. Based on this, we could spot a different cell behavior for the A‐PRF + induced migration, supported by a software program image analysis.

A shortcoming of our study is that we did not use the real fibrin matrix to induce migration, but only conditioned medium containing a mixture of growth factors, chemokines, and cytokines that were released from the clot. We used this design because some cross reaction between leukocytes from patients and cells from stocks from different donors were possible, which could influence the results. The fibrin matrix itself is also an important feature of PRF materials, and it could orchestrate growth factors release from the living cells present inside. We used a 24‐h protocol, but we realize that a longer incubation time could have been necessary in order to show complete closure of the artificial wound in all the cell cultures. However, growth factors and cytokines present in the conditioned medium can be depleted without replacement during experiments beyond 24 h, thus suppressing further PDL‐F and G‐F activities. A third critical point is the absence of a mechanistic investigation in our model for the cell behavior. In this regard, our research group is involved in a follow‐up study aimed to elucidate the secretome of these two PRF materials.

To conclude, both A‐PRF + and L‐PRF materials induce positive proliferation and migration responses in vitro by fibroblasts. Interestingly, both G‐F and PDL‐F responded similarly. In the initial phase, the artificial wound closure speed was similar for A‐PRF + and L‐PRF, but in the stoppage phase, A‐PRF + induced faster cell migration than L‐PRF. This work may be useful for choosing the best PRF preparation procedure for periodontal wound healing and periodontal regeneration procedures. The results from the current in vitro study support the clinical application of L‐PRF and A‐PRF+, with A‐PRF + perhaps having an advantage; however, clinical efficacy and clinical significance is still lacking.
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